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(57)Abstract: 

PURPOSE: To provide a substrate coated with 
ferroelectric thin film substrate on which a ferroelectric 
thin film having a compact flat surface, and an excellent 
leakage current characteristic and showing sufficiently 
large residual spontaneous polarization can be formed 
through a low-temperature process, a method for 
manufacturing the substrate, and a capacitor-structure 
device using the substrate. 
CONSTITUTION: On a substrate coated with 
ferroelectric thin film, a ferroelectric thin film 6 is formed 
with a crystalline thin film 5 in between. The size of the 
crystal grains constituting the thin film 5 is made smaller 
than that of those constituting the thin film 6. 
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m>m i ] mw.±ici&M t wmm*ft h x %mni*m 

^ati -r skisks i x« 2 *ci b»<d3sb«#«k»* 

t i -r swats 3 *cffi«<z>«««*asEi«. 
mMgkwmmBfmtommumj: o{6i>*«««£ ox 

0 'CjGp 6 6 5 0 °C-C^ 0 , BuiB3S»SftWBlOjefl(SF© 
& It mil 5 ccfB«icoSSSWi*WHB!fta*ffiO*Bfi^ffi. 

[»3R3H7 ] 1 4C0C»-rn*> 1 ^©.?ft»«# 

IB^^ i ]§u IBttiHtflUI i <or^ CcSTOtttm** 6 j£ & T 

awsasiBas B?tB?ft8WH*aiK±tc*^ittt***^ 
6 *_ts««#sffiB s n r j£ s c <b <t r & + * 

[0001] 

»8i£. -^©ss^ffi, ac^BuiBSSRmftWBitfta* 

[0 0 0 2 ] 

(TGS), L i Nb0 3 . Li TaO a f©*Bfi^B 
aTi0 3l PbTiO,, Pb (Zr^xTix) O a 

(PZT) , PLZT«<Dj^i*iz^2 ? ^**WR. 
WBtC<fc 0 5 0 MmaK©/13£T>flnXUTffllr>TC> 

^>^», — fl8CC»S<. JJOXXflT'CD^^fUn^Cct 0 5 
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[0 0 0 3 ] w«BBSa»*oJliicc#r>r , 

—otLX. HWIflltt* D R AMSOSt**** 
10 r&3S»Sfl^»»14>*y ( F RAM) OH»m 

*cctt, jaaaa^s (Pr) **** < ^ota»« (e 

c ) *VJn§ < , ffi - ^«rc& 0 , 5>^^$£<£>*£9 il 

cc», ttffiWEflEXEB i*SW*aiBttIX^ a -fe Kite 
-rs/ctfHt, BtJ¥2 0 0 nmJ^T^«IS-C±fB0^144 

20 [0 0 04] 3^4e, F RAM*^CDtSffi€rSW£ lt 4 
PbTiO^ PZT V PLZTfO^a^^-f hit - 

ffi, ItS, MOCVDSf©»lM 

[0 0 0 5 ] ±a!(D^iim*Wf4<D^ P b ( Z r 
w TiJ O, (PZT) *ifi«*>«ct>W«:W^SS 

tf, j»BSI6»«P rifil 0 uC/cm^62 6 mC 
30 /cm'i^WK^^^OMI^^l^o O^U 

^OC^f^^^-r, ME©«l»P b^St?/c2&, 

Ttiil^liP t iP bCDSJ^tCcfc^fSPm 

[0 0 0 6 ] 3SR««Ftt^AW"C*0 , 3S/c. ^ffiSli 
ISrtttC«nri^*f«<i:L/"Cs SrBiJa^,^ 

©SrBi a Ta,0 9 ©WJB«MODffi«:cfc^-cK3S$ 
n^^CD-C^>-5 e COMODffiitt, J^TOXfl^:^ 

50 yt&tCiSSfeB^tT^. Cn^BlT^CDM/SCCA^^^r^O 



3 

9 9 4^K!j£:^ : aJl^#^*2 0 p-M- 1 9# 

i&mn&ttnt OX<DS r B i Ja, 0 9 CD:^&:*#^ 

< , JEK 1 B^H«± 1 fi^SSJSBSH^^Stt c cb ~c 
$>Z> 0 c<D«fc5Cc«SXgtc:tei>T, 6 5 0*CJW±<Dfi 

CC<fc4»fi^SWb#»£U *fl*^a 
HzX^©«JBt*E«£fc£o SIB 
^7tO^-^0. 3 MmSao&^-SO^cSrt^KU* 1 

fel^^S ^u>(Dfftfflttixtcafflr#3tei^ SfctC, 

[ooo7] £ %mmw^n¥ts * y <omm 

fl-fbi&SI^T Sfca&ic, mos h7>^j?i^ii(* 

* * ^ ^ * <h ©HI <DE»K: ^^^^^l^Ci 
#1fci*3*rrir>£#> ±85 S r B i 2 T a^.Oi^tt 

fct, iB»fflo*JI*fi v y ^ > i»»»fl«K<Dffl trots 
5S£tft^J:6»tt^b3&sec^ < i:l^PflH3&s&^- CCD 

axs6c*$c^r fcs«FHi-c*nK7 o o°cmmmftt 

t^en^c L*»0tt**e>* 3WK-r«:, ±IB<DS r B i 

#rai,>«<^ «sai4i*tcaiRm#i4fcini±"rsot?, 

gt,>. «Rmi*W«tcfeW5aRSWttOI«]±<i:{£iaSE 
Jjl^POAZ ^t^Ci ttffl»-C*> S o 
[0 00 8 ] flfcST, y - 4f «SS^«JSIEW14^S»* 

n:/**^ h«ffi*WT£B i 4 T i s O aa #*£. CCD 
Bi 4 Ti s O ia tt, »j&ttco«^««-^P^^*^ H« 
jft (SWaS/tt^Stt :a=5. 411A. b = 5. 
44 8A, c = 32. 8 3 A) ^^o^l^T^^ . 

50//C/cm\ jRl»Ec=5 0kV/cmi, ± 

geo^^^x«M^bW^«»©*«cfe«fc^#i»a« 

CCDB i <T i jOwtD&O^S&Sffe^ffiJ&SSSt® 
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[0 0 0 9] Bi.Ti^Ox^SMH C*l*riC 
fe, MOCVDft^7^-^ffitC<fc5R*?»titl^ 

ffi#i#fi*C*9, I^Cfll^l^^ * Pv?— 1£0 . 5um 

sttoteafiL^^^s^T, »*ai»nx«:^s£"r5W* 
io at^^xccttjaffi-r-scDWHiBi-c*^. — is. moc 

VDffiCCiO, cttieroJOB i 4 T i 3 O ll »BI* s *Sffl 
SBOO'CHl-C, Pt/SiO,/Silfi^PtS 

«±ccfpHsnrc^**. cjh6oss», 

P t/T i /S-i O./S i »«©cfc^tc, Pti 

®1£^cdtcds i o a £o»araiK*niff'rsfca«>© 
sar»*Kwfcp tfs«a«±«i:. b i,t i.o^awHi 

*MOCVDffiK:<fc9ft»0rt:»^ ^-oiai^^ * 
20 oi>-«, 3ffi^*Sa«t*^3te-S£^c, arts 
( B i 2 T i 2 0 7 ) 3&s«*OS< &&C£#*RS3irt: 
W(Jpn. J. Appl. Phys. , 32, 19 
9 3, pp. 408 6, WJ. Ceramic So 
c. Japan, 102. 1994. pp. 51 2# 

m) o «*bb * * o v> - #sfi;**6afitt>> 6 & & £ , « 

#>D#\ »l*R/»t?t*fc:*>.*--JVOl)RH«b^0, y-£ 
«ftO*& i S:fe'/ce)-rc£CC&^ B UfcASot, CCDcfc 
5&!£3fc&ffirr&*, 2 0 0 nmtiTOW^Rfft^fftt 

[0010] 

[0011] ±lS©<fc^%HjS*iK*T*fc 
[0012] 

2|e»^-c«, Sffi±tC*SaK»K*^L,T?aRW* 

^oeawiBitit^r&isatt^o 

50 ttS*J, ^O^Rmi*fflflS^^T^?S B e B*iT-cD&SJ: 
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[ o o i 3 ] s 6cc, #»9i*c«, _bsao*RS(*aiiai 

[0014] 5 e>ic, ±fB<DS£§mffc?gflI 

[0015] $6(C, #IMfrctt, _hiB©»R**«tt 
ttMWRtcte^T. fSaKIWfttf**^**"***^ 

-r s iaK iurMOCvDScccfc^ m#Lb CC tSaffiVJK 
Dl^SfifiatbtMOCVDfflcj: 0 *<DlSaJII» 

«t± cc^st ?t{**gjjs £ fl&ar £ x« <b & h & & 
[0017] 56^, *#feHj-cti, ±u<o^mmmm 

flSaKS: 4 5 0 'C*P 66 5 0°Ci Is affl»Sf*WK<D 
fi3cB#CDS^?aS^4 0 5 0 0 e C<hltl^ o 

' [0018] £/c, **qa-r». ±IBO«»«*aEBl» 

[0019] 

[0 02 0] #»98<D«B«#«Ktt«S« 
ftJ»ja^:i5B0/c««;i-rSC<btc<fcor, +#fc*BS 
[0 0 2 1] 3 CO J: ^ CC#«HJ3©5£BS«f*WlB 

are. afflanx*sojfiBtc^D, i^cCiisf^vx'N 
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[0 0 2 2 ] C CD J: 0 fe^H^CDSS^^ftWBSfta** 

mocvds*^ »«iaK**sa* s *JiS"r€>ta 
[0023] co*»w©«jfi*ffitc*jiir, tsavs 

WJRttW< XfcAl^-CSI^KIOXSi^O, SffiSffi 
[0 0 2 4] -Ltatfo-C, **?BO?ftBWf*l»fflltfta* 

»?v* «f x ^©jfcffi pjffitcsc £ 6*^ 0 *>\ Sit© § da 
[0 0 2 5 ] 

lursaKS, bi i i omwn-c&z 

ct^CC, CO+t'^^tlKSSR^F-W:* ^ ] J3> (Si) 
a«i±tc, BWtW =a> (S i O,) «2, g»J! 
3, ieaK9IR5. «1MI6, _h£B 

[0 0 2 6] *1©SI*SWI"C«. S/'Ja^ISUl-C 
ti^'J n>#Hfia^ x-TN^fflCv SiOJ2iO-CB 
i^y zi^tta^x^^ffi^JRM^bL/TWiDn^MYb^ 

(Ta) Wfflter, TS!5m^4 i lttta^ (P t ) 

±a^i6 <i:o-c«a^ (p t ) sjawn^nrai? 

/c. 

40 [0 0 2 7] ^tc, H ltCTKOfcSSl CD^te^JcD^i^^' 

/Ta/s i o 2 /s iatR^titco^rittej-rs. 
^tjn>s«i-c*s^y=i>^<6a^x^ (ioo> 

ffi©ai*(»8{htSCiK:J:^ Kff 2 0 0 nm(DS 
iOJ2»W^ fUt, S«I3r*5Ta» 
SI^Hii¥3 0 nmr, fit, TSBmflSH 4 "C*> S P t 
tll5i^:fll^2 0 0 nm~C 4 ^n^^^ ^ffitc <fc OJF^ 

50 < , ^ y 3 >**Sa*« 
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Kfi<, M^^^^Ta^iCf^> (Ti)^ 
ffit^CiTt^, #£S«WI©»** TiiPti® 

/t, «J»»fc:ffll,>/cS iOJB, ffcKttlcj^fPKS 

OCVDa^Cj:f0ff^n/cS i oj^aft^ya 

[0 0 2 9 ] */c. TBI«ffiK:oi»T i>s mmteJEWt 



/c\ s««3tfe±f5<Dfco«:iB5esnsfc<r)*rtt&i». 

[0 03 0 ] CCr, C©«fc5CCLTfHKL/cP t/T 

a/S i o,/s ilS^l^t, *^jteflW-c*sa«w 

/Co 

10 [0 0 3 1 ] ±fBCDP t/Ta/S i 0,/S i *«± 
CC, XKaK (ffiRfifi) 4 5 0U 5 

0 0U 5 5 0'C, 6 0 0°C, 6 5 0 e Ci^b^«, 
TIBOa 1 CC^T«»CD*frC, MOCVDffiWOft 

. TJgflEL/c. 
[0 03 2] 



114 


B i (o-C 7 H 7 )» 


T i ( i -OC a H 7 )< 




1 6 0°C 


5 0*C 


+ + y r# x (a r ) i^ea 


2 0 0 seem 


10 0 seen 


S*5#x (O e ) £ttS 


10 0 Osccm 




STorr 



[0 03 3 ] *$>Wt}ZX-?XWB&>!&MlZs * 1 tCTj^ 

X7^(Bi (o-OC 7 H 7 ) 3 )^ ^£>JJ§l3N-<t b 
tf^y^v^a^f-fF (Ti (i-OC 

3 h 7 ) «) ^n-enio^, envois**** iktj* 

> (A r ) ^iSJt^xrfe^ (OJ #*<i:±t 
6CjaHMrttC«3|s&L//fc.. c ct\ A r 
»BiISK:*tUr2 00 sccm, T i Mf4CC*tl,T 
lOOsccmil, 0»^^«*&B#<Oiae6il 0 0 0 



mmft<DM£.&te. lOTorr J£LhT#> S chfltira^ 
#*fic 9 &&<£>*C\ 5 T o r r £ U/c 0 

[0 0 3 4] CCD<fc i 5CCUr?i : ^L/c^^>i^t:*^-7X 
^M^COliT, AFM (Atomic Force Microscope : JH 

30 jteatt^rH^/ttt^^TtsaztcTn-r. tefitt 

[0 0 3 5 ] 
[*2] 
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[0 0 3 6 ] *»93-Ctt* *SaK»JK«:*tlS*WK© 



50 



x.e>n^ D $6ic, B i 4 T i jOnOcfTfe cttiBlolcfc 
0, ^#/cC»a»ffifB*^aWi5ffiJSft» i &^/c^> 



(6) 



8-340085 



9 

<£> B i 4 T i ,0*,WK<t UTfc. 

[0 03 7] i/c _hiB£>P t/Ta/S i 0 2 /S i 
i 3 0 12 m^<Dmm*, 5nm, lOnm, 2 5 n m, 



10 



*50nm, 1 0 0nmi»fc3«, ^tih<DWmm 
[0 0 3 8 ] -e^gltt Tta*3*cijVrj;5«:, IS J 

[0 0 3 9 ] 
[*3] 
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[0040] &mmwmm<D¥-m& * statt^swtc-r 

[0 0 4 1] CM6C3[)«»HS*tC J: 0, »i ©KJfiWl-c 
** ? fe B 0 SIS<!:Ot, MOCVDffiCC<fcSl£»B#<D» 
&M6 0 0'CiL/c k nmOB i 4 T i 3 O ai 

[0 04 2] JiieOP t/Ta/S iO, /Si *K_h 20 

fflE£6 0 O'CiLT* J^J¥5 nm©B i 4 T i 3 0 12 $g 
fiKWK£r»jab/c», C©B i Ji ,O ia *§aWWffll 

i 3 o * 2 nm<DMf&7um t m—<D7tm& %ffif& $tiz>* 

$>MXX~?XB iji 3 0 13 ^^&^J^£ffit>/c o 
CCDSSRmttB i,T iaO^WJHKDJBJiSCCfciMOCVD 

t i s o„m&nnm<Dfcm0kttt±<fsit*><D±o. 30 
s«fflSK:-3i>-a*, b i 4 t i 3 o al ea«w«SEBiH* 

0SMK6 0 0 -CJ: D fefi^4 0 0 'Ci . mm 9 
5 n m<D3*B»{*B i <T i 3 O ia WB i S:J15fiEL//c. 

*^-c, aiicDSiaswoB i j i ^o^awwaBows. 
m&mmm t %mmvmm <t r . h - # jubw ioon 

mt3&5. ft*s. $lWiHcfeCit 4 Bi 4 Ti 3 0 12 *§ 

*J«C3r>fiSKB#ffl«ft 1 B$M-C* o /Co 
[0 04 3]^ ±5BCDJ:^«:L/rjgfltO/caiR«# 
Bi Ji j 0 1I fl©aMAFM^C^ij^U/ci 40 

0*ttiltMOCVDffiK:J;»), illOOnm^B 
i<T i 3 O a2 ^JS£f£Jiir££, ^©jSKO«[S«3 0 
Onmi^l *HlfiW<D3»Rm*B i 4 T i 3 0 12 BH 

[0044] * /c, C ©*SSSfiW<DSlRmft B i 4 T i 3 

o a , iim^ sem (m&mm*m$m) ^c^^omm so 



\,ftmm&* mzic^k-r^^tc _li b<d a f umm<Dm 

[0 04 5] C <D*SS«W©5SRW*B i 4 T 

[0 04 6] H3«:*JC^ fc «EW«Xttlll*fr3SK"C*> 

0, *tt«lHl*Tftffi2 0 (deg)t^, ^rUr, 
(0 On) <n«K»> »Bi,Ti 3 Oi 2 CD c ffclBfttt 

<fc&@S?fcT-£' 3 S:ftU (2 0 0) »Bi,Ti J 0 1J © 
a«i5[SjCC<l:€>iajTtr-^*au. (111). (11 
7), (220), (2014), (1 3 7) tt^T n 
fcB I4T i ^^OaWfiS^fttf^V^^lSloICcJ: 
SlllSrfcr-^J&SiU 20=4OS!(deg)tt2OP 
t (111) <D|5I*Tfc: — ^«TaR«ffiOP t CCcfc£4>CD 

[0 0 4 7 ] B3<DX*HW^#~>tecfc;htf. 
«(DMR«f*WJBlK:«* aWiSPi. cttierfih ^>#a 

^iEfijj^saEu/c, gp^>^Aieftj&^ ; £ : irr£B i 

4 Ti 3 0 1 ^W^ntl^Ci^bWo CtiCC<fc 
- 0, ilOlWJt», ^>#AIBI*KDB i 4 T i 3 0 12 

*san»tt-Wc. ^ > yAEr^o3aB«<* b i 4 t i 3 o 

1 , mmmmz titc c t xmm s n/c 0 

[0 04 8 ] CCT, £fc4£<D/t#X ^l©^tt1WiBia 
(DP t/Ta/S i 0 2 /S ii^WT, ^OP t 
©•T<*±«:, JiSB<D3SR«<*B i 4T i 3 O a «»RfiS«H# 
(lfiM4 0 0'C) "C\ =F£>I£t*;*^*fS 

ia©<fc^^«aKWtt^«^^*^^<>®^*^ 
3ea«3»*ffljpcb, ttajss^fflitsti^citcjcsfe 

[0 04 9 ] ^CCC. ilBCD^^^Cbr, P t/Ta/S 



(7) 
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- i 0 2 /§ iSS±tC, B i 4 T i jO^ttftKSR 3& 
»«*B i 4 T i 1 O aJ W, iE-n-enilH^JBflESti/c 
^<D±CC, ±fflMBffi 7 £ ITP t mm (lOOmn 2 ) 

[0 0 5 0 ]4*J, CCr»ScUfe±»*flS7CCOl>r 

[0 0 5 1 1 11 JCtSO/cTSMMK £_L£&m^8 

P r = 9 uC/cm\ tn^tiE c=140kV/cm 
ilO. B i,T i^^SHiCJOh-^Jl/JRff^l 0 0 n 

m ± ^ ^ntcmi<>mmt<c ^c€r^»aa 

Ti,O lJ «Bfl (^*Jl<^) TfR§5ntt^cfTO 
Ktett&P r =4 uC/cm 2 <hJt$$Or, 2«J£Ui© 

[005 2] C©9 mC/ c m l £l*>5jz&t£*&tibW 
CDPrte, B i 4 T i 3 0 1I Oaf4^CDP rCO^^cIA 

«OX«HJfH»S^6^>^A-15r^©Sa»^l<*B i 4 T 
i 3 O ia *7nOfcCi3!P6, B i « T i 3 O t 2 3&g§m<*<£> 

BEflS??tS«BI5K:^-rcfc^tcaO. EPJMBH3 VT?, I 
l = 8xlO-'A/cm J iC^, Bi 4 Ti 3 O a2 SIM 

i 4 T i jOnMlifeori^o-c, tr>*-;i/©fS£ 

[0 054] -X^r, ^2<DSIlfcWi IT. S&ttfBBI 
CC B i 2 T i j 0 7 (/^a^DTfi) H5:ffit\ KB 

*b«*b i 4 T i .o^mm^m^chco^c^xmm 

[0 05 5] »2<DliJfiWlCDK»sfffi»t<:ot^», ±S5 
Iff 1 ©HiSW-C B i 4 T i 3 d, eaKWMSJJffiHSOS* 
M^6 0 0'Cil/c©^, I«S4 5 0"CiEi/c 
/cWt, -€-CDffi<D*ff^<±gS*l <D5S&te«l<t|pJ»<t 
or, Pt/Ta/SiOys i»«_Bc. MOCV 
Dffitcj:»3, ««5 nm©B i J i a 0 7 *SSKWBt 



^^8 - 3 4 0 0 8 5 
12 

fflW9 5nm<D3SSI«»B i.T ijO^Wtti^rllH 

B i 4 T i 3 O^ttilJlWJROSai^lB^ift 4»mr* 
0 , 3£§m&B i 4 T i , O ia WBOflEKB#|ffl«±i5» 1 
(DSBSfcWI <h 1 BSMT & -o /Co 

[0 0 5 6 ] m2<omt&m<onmn»B \ 4 t i 3 o ia » 

mCD^m * S E M CC J: 0 IfciC^, .LIEgl 1 ©SI 

tcctifimsrcftft-o X«IsISf6cJ:«>tB^tcJ:n 
»2©3SSfiWrC*. B i a T i 

iBuTi^Ow^o^x^^ htattctsiajff-'^^- 

/rf£S!«f*B i 4 T i jOnailHtCfclit:, Bi Ji.O 

[0 0 5 7 ] iBB^UteWlrti. MOCVDffifcJ: 

Ste«ttW»©Ji£MH#0»1RiaS«:6 0 0 e CXt3:4 5 0 
°Ci U BiRflSftaiKOJaSIBl^OSIRfflS* 4 0 0'Ci 

20 JSBIB#<3[)S«fflffiW 4 5 0 8 0~ 6 5 0 "CCDfSHr, &tc 
fS 2 ©?Siimf*^M©^SB§0^*^S« 4 0 0 e C-5 

o o -c&mm-e, jgfiK»j»s«B#«)»tRiasJ: oaw 
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